INTRODUCTION
The main purpose of clinical biochemistry and other service departments is to provide more information to a clinician about a patient's condition than the clinician can derive from his or her own clinical skills. The accuracy and precision of many laboratory investigations are now so good that the limiting factor determining the value of the clinical biochemistry department is the ability to present a range of information at the correct time and place and through an appropriate medium. The wide range of media available provides both an opportunity and a risk, as great inef®ciencies can be introduced in the laboratory and in clinical practice by the choice of the wrong medium for a particular task. Nearly all service laboratories need to communicate with clinicians, but there is a pronounced asymmetry here as, for example, often in the UK 30% of a laboratory's work is related to general practice, whereas work related to laboratory investigations takes less than 5% of a general practitioner's (GP's) time. This paper discusses only communications involving laboratories, but clinicians will also be communicating with many other individuals and organizations. Optimal ef®ciency in communication will only be achieved if all of these are coordinated effectively.
presentation of con¯icting information and uncertainty would be appropriate.
The essence of making support information easily accessible is commonality of format, and two pressures will encourage convergence. The move towards computerized storage and presentation of information will make it obvious that the use of databases allows highly ef®cient searching, retrieval and maintenance. In addition, users will not tolerate excessive diversity of presentation of the range of guidelines, protocols and handbooks which they are required to consult.
An example of commonality of format may be seen in the critically appraised topics (CATs) developed in the NHS Centre for Evidence-Based Medicine. 4 These are A4 sized, have the clinical conclusion clearly stated at the beginning, and include the date on which they were written and the date after which the author considers that information will no longer be reliable.
Other information
The laboratory also needs to inform clinicians about changes in service and to participate in educational audit and research and development activities. These functions are not discussed here.
PROPERTIES OF COMMUNICATIONS MEDIA

Interactivity
Interactive media require the sender and recipient to communicate at the same time, although they may be in different places. Unless interaction is essential the inappropriate choice of an interactive medium wastes the recipient's time.
Timeliness
Turnaround times (TATs) for many investigations have shortened dramatically over the past few years. Often the analytical time is much shorter than the time taken to transport the specimen to the laboratory, to aggregate specimens into batches before analysis, to authorize reports after analysis or to communicate the reports to the appropriate clinician. Few laboratories measure TATs as assiduously as they do accuracy and precision, but the selection of appropriate media for each task can improve them in several ways. These include immediate availability of authorized reports by computerized remote interactive access. As the speed with which information or results are required will vary according to location and clinical scenario, staff time need not be wasted on telephone calls and bleeps where they add no extra value.
Data structure
Human beings are very¯exible in their ability to extract meaning from data. For example, a change in the layout of a paper report would probably not be noticed by most readers and only considered a minor nuisance by others. However, if a computer were using the line order of the report to impart meaning, the change in layout could destroy the meaning and be clinically dangerous. The usual way to overcome this rigidity when data are communicated between computer systems is for the sender and recipient to agree to use the same data standards. For laboratory reports this might include common means of identi®cation of patients, locations and analytes, and for electronic data interchange (EDI) must include message syntaxes (the rules for where information appears within the message) and message de®nitions for each type of interchange. Agreement between the sender and recipient to use existing standards, rather than local bilateral de®nitions for each type of interchange, greatly reduces the amount of planning between senders and recipients, and improves the transferability of solutions.
Availability of data for further processing
All laboratory reports should be viewed on receipt by the clinician, but many also need to be viewed in other contexts, such as by cumulation with other laboratory reports, or by interpretation in the light of speci®c clinical hypotheses. The ®rst of these can be aided by presenting serial data in tables or graphs. The unique feature of computerized communication of structured data is that it allows this further processing without rekeying, an expensive and notoriously unreliable procedure.
Computerized decision-making
In theory the transmission of structured laboratory reports and their integration into the receiving clinical computer allows the use of computerized decision support systems without requiring rekeying of the data. Systems have been developed that can quickly and easily help in the interpretation of laboratory data, but they have had little impact on clinical practice. 5
Permanence of record
Some media, such as telephones, leave no record of the communication. The pressures of audit, accreditation and clinical governance will render this increasingly unsustainable. This will not make their use impossible but will increase the pressure to change to a medium that does leave a record, or to install recording systems similar to those used in commercial and ®nancial trading.
AVAILABLE MEDIA
Requests and reports on paper
The traditional medium for communicating laboratory reports is paper. The vast majority of paper reports communicated to clinicians are computer-generated but the format of reports differs markedly between laboratories. The guidelines of the Royal College of Pathologists 6 provide advice on the legal aspects of this, and on good practice. Laboratory reports are probably best thought of as part of the clinical record, for which the current legal advice in the UK is that the best records are contemporaneous and paper-based. If the NHS Executive's Information Strategy 7 is to be implemented the legal position of computerized records will need to be clari®ed. Paper records have some distinct advantages: familiarity; they can be forwarded to the correct destination; they can be rapidly copied; and they can be annotated. Many, but not all, clinicians will sign incoming reports to record their acceptance into the clinical record. However, the inef®ciencies involved in handling paper, and the dif®culty of creating an audit trail for its transport and receipt, will eventually result in its disappearance.
Telephones and bleeps
Telephone calls and bleeps are invaluable when the communication that follows is inherently interactive, or where the sender needs to know that the information has reached the recipient. These media include many variants. There are ®xed and mobile phones, one-way and two-way bleeps with a wide range of input and display options, answering services and computer± telephone integration systems that use voice recognition and the phone keypad to route the call to the appropriate place. Laboratories have made less use of these technologies than many other service organizations, although the advantages would appear to be as great.
Barcoding
Many laboratories are familiar with the use of barcodes to identify specimens. They are also widely used to carry patient identi®cation associated with a specimen where remote requesting is used. This technology is rapidly improving in many ways, including the amount of information that can be carried, redundancy, so that they may be read even after damage, and the distance from which they can be read. 8 It is now possible to carry all of the information on a typical request card within one barcode.
Fax
Reports are increasingly transmitted by fax. The simplest form of fax, in which a paper report is scanned, has severe disadvantages: the image quality may be poor, possibly including a loss of decimal points, and if the machines are busy at either end the process may be inef®cient or delayed and may tie up human time. Thermal paper is a poor archive medium as it is dif®cult to ®le without damage and the image deteriorates rapidly with time. However, with some modi®cations these disadvantages can be removed. Computer-generated fax produces a much higher-quality image as the optical scanning stage is avoided. Also, fax messages can be sent to multiple prede®ned locations by means of address books, and machines can be set to retry automatically if the recipient machine is busy or unobtainable. The use of plain paper, with either inkjet or laser printing, produces a paper record that is much more suitable for ®ling.
Remote interactive access
Before the widespread use of personal computers, interactive access via terminals to information held on a remote computer was the standard style of operation for most staff in laboratories and for clinicians. Although these terminals may have been replaced by personal computers the character-based interface has often been retained. With the development of the World Wide Web, remote interactive access has been extended by the availability of a graphical user interface and easy linkage across multiple remote systems. The same approach and technology used within an organization is termed an intranet, the development of which does not require access to the Internet. Through a single piece of software (a web browser) it is now technically possible to allow access to many hospital departmental systems in a highly interactive style. The communication can appear to be instantaneous to the users at the same site as the laboratory or any site in the world, when connected by a suf®ciently fast wide-area network. Integrated services digital network (ISDN) technology means that this degree of networking is easily and cheaply available across Europe, except for the most remote areas. Through a single medium this will allow access to the reports, to support information about a laboratory (e.g. the laboratory handbook), and to electronic mail to laboratory professionals to ask for advice. Support information of interest including, for example, nuggets of Evidence-Based Medicine, 4 the results of recent audits and locally agreed guidelines for the investigation of common conditions can also be stored and rapidly retrieved.
Electronic data interchange (EDI)
This is a store-and-forward technology similar to interpersonal e-mail, but between databases rather than individuals. The sending system arranges the reports into a structured format and passes them as discrete messages to a computer network. The usual approach to EDI demands that the systems to which reports should be sent are speci®ed in advance. The clinician's system retrieves the messages, extracts the data and makes them available to the system and the clinician.
EDI has two distinct advantages over other media. The store-and-forward nature of the message transmission is appropriate for systems and networks that may be only intermittently connected and which only have low capacity for data transmission. This is acceptable to the recipient clinicians because the data are made available within their own system, regardless of how many retries were required or how slow the communication was. The second major advantage is that the transmission of structured data into the recipient clinical system enables them to be merged in the computerized patient record. This should make it easier to achieve further processing of the data for purposes such as decision support, audit and activity analysis. This is the most formalized medium of communication described and various unambiguous de®nitions need to be agreed between senders and recipients. These relate to the choice of network, ®le transfer protocol, the message format and the identi®ers for investigation, patient, sender and recipient. In the best EDI implementations received reports are signed in by the recipient GP and made available throughout the rest of the computerized patient record.
However, in order to achieve integration of support information with EDI of laboratory reports the laboratory handbook and the entire knowledge base of the laboratory would need to be transmitted or linked to the clinicians' system. There are no reports of this having been achieved.
Other media
The media described above have been developed to meet the speci®c requirements for transferring technical information. However, other interactions between clinician and laboratory are of a more universal type, and there is nothing unique to the needs of laboratories or clinicians within them. Traditional paper publishing, telephone calls, interpersonal e-mail and faceto-face contact are each appropriate for different functions.
CURRENT ISSUES IN COMMUNICATION
Use of paper
Requests to laboratories are traditionally delivered on paper. General practitioners, when asked, will usually express a wish for a common request card across disciplines in laboratory medicine. There is a wide range of practice, with some laboratories insisting on separate request forms for separate disciplines and even for some sections within those. Others have a fully integrated form and, possibly most commonly, biochemistry and haematology requests are combined on the same forms.
Paper reports are usually stored in the patient's case notes. Cumulative reports printed in small fonts at high resolution can reduce the size of the notes and allow easier retrieval of reports and detection of changes.
Remote requesting
Where a laboratory computer exists the data from the request card are entered into it. (This process is often known within the laboratory as requesting', a usage that may cause confusion with the previous step, which has been carried out by the clinician. For clarity this latter activity is termed`ordering'.) Request cards are not part of the clinical record and many laboratories discard them after a few weeks. The process of entering data from the request card into the laboratory computer is costly, inef®cient and prone to error. The aim of remote ordering by clinicians (known as`order-comms' or`physician order entry') is to remove these problems. It may also reduce duplicated investigations. Technologies that support this include computerized communication, the use of barcodes on request cards before they arrive in the laboratory, and better identi®cation of patients. The new NHS Number Programme 9 should help dramatically in the latter. The automated transmission of requests to laboratory computers is often said to bring large improvements in productivity, but evaluation of this is hard to ®nd. Anecdotal reports suggest that it may work well within well-managed organizations with a predictable repertoire of analysis. However, this type of technology will greatly ease the move towards rule-driven generation of requests 10, 11 rather than the traditional model of ad hoc requesting by clinicians. Different funding systems for laboratories have a major effect on the desirability of improving the ease of requesting by clinicians. Where income is related to workload there should be few obstacles to implementing remote requesting, with the interactions made as quick and easy as possible, including the use of grouped tests and check boxes. For cash-limited laboratories there is much less motivation to reduce the effort required of clinicians to make requests.
Support and advisory information by remote interactive access
Remote interactive access is very commonly used for the inspection of laboratory reports in hospitals, either by access to the laboratory computer system or to another system to which the reports have been transmitted. It has been little used for communication with general practitioners. After some early experiments in Oxford in the late 1980s we abandoned this for several reasons: slow access, an unfamiliar system offered to GPs who had already learned how to use their own, and the lack of storage facilities on the recipient system after the inspection of data. The availability of fast, cheap, robust wide-area networks and the software used in the World Wide Web have now produced a technology that is independent of distance and therefore available to more distant sites. In the Oxford Hospitals we have now achieved linkage of individual laboratory reports to support information and users are automatically noti®ed when this information is available. 12 For example, a clinician viewing a blood glucose report is offered a linkage to the speci®c entry for plasma glucose in the laboratory handbook, to the criteria for the diagnosis of diabetes mellitus, and to all CATs mentioning glucose, hyperglycaemia or diabetes mellitus. All of this information was previously available to them but the user would have to search several knowledgebases to ®nd them. The novelty of this approach lies in the use of a single program ± the web browser ± the automatic noti®cation of the availability of relevant data and the ability to link to remote disparate systems. The same approach to presenting both reports and support information can now be used in both primary and secondary care and we are currently extending this service to general practitioners.
Use of electronic data interchange
EDI is a suitable medium for the communication of reports where there is a clinical system capable of receiving, storing and presenting the data. It is suitable for use in secondary 13 and primary care 14, 15 and for communication between laboratories. 16 Because of the advanced state of laboratory computerization and GPs' computer systems (probably more than 85% of GPs in the UK use a computerized system which stores at least some of the patient record) some detailed aspects of this approach need to be considered. The most common model, used by about 100 laboratories in the UK, is similar to that adopted in Oxford in 1990: 15 all reports authorized since the last transmission are aggregated at 22:00 h into a single message for each general practice and sent to the wide-area network. The wide-area network used is the Racal Healthlink system, which is also used for the communication of administrative data between GPs and the administrative health authorities. The GP systems retrieve the message from the network, preferably without human attention (although some practices prefer to initiate each download by hand), in the early morning. This means that the computer laboratory reports are available within the practice system before the start of the next working day. The messages are addressed to the practice rather than to individual GPs and care needs to be taken to identify the correct practice, as the rerouting of incorrect messages is much more complex than with paper reports. The network transfer protocol is generally by Kermit transfers at both ends of the link, although in Oxford from 1990 to 1995 this was done using the X.400 (84) protocol. This allows a record that the ®les have been transmitted appropriately. Patients are identi®ed by practice, name, sex and date of birth. This is a major potential source of inaccuracy, which may be ameliorated by the introduction of the new NHS numbers. (GP systems are now automatically populated with new NHS numbers through the administrative EDI links between GPs and health authorities.) Analytes are identi®ed by Version 2 Read Codes, 17 but these are markedly unsatisfactory for the purpose in both coverage and style. The terms and codes developed from the Clinical Terms Project, and which form the basis for the Read version 3, involved extensive input from laboratory medicine professions and are therefore much more suited to the task. 17, 18 Messages are formatted using the ASTM 1238 standard. 19 The Information Management Group of the NHS Executive has conducted trials of a similar architecture in Oxford, Preston, Bristol and Nuneaton, using the EDIFACT syntax and a trial message de®nition agreed by representatives from the NHS Executive, The Royal College of General Practitioners and The Royal College of Pathologists. 20, 21 The NHS Executive's Information Strategy 7 prefers the use of the X.400 protocol for communication both from the sender to the wide-area network and from the network to the recipient. The current NHS project to implement this is known as the Pathology Messaging Enabler Project. 22 The major advantages and disadvantages of EDI compared to other media are not signi®cantly affected by these differences from the approach adopted in Oxford 1990. A comparison has been published. 21 Although improved TAT is often described as an advantage of moving from paper to EDI for primary care there is little evidence that this is the case. The NHS Health Technology Assessment`A review of near patient testing in primary care' 23 concluded:`The results of the search on EDI and rapid transit of laboratory results was very disappointing'and,of the one paper they identi®ed in their systematic review:`There was no evaluation of the impact of EDI on patient care, or on the use made of the results'. Once the patient has left the GP there is little reason to think that reports arriving within a few hours rather than several days have any advantage, and it is repeatedly remarked ± perhaps only half-jokingly ± that faster transmission of reports removes the GP's time to think and for self-limiting conditions to resolve.
OPTIMAL COMMUNICATION
The preference, in the late 1980s, of EDI for the transmission of laboratory reports to GPs depended on two main factors: dif®culties with fast wide-area communication and a culture of independence which eventually led to the creation of the internal market within the NHS. Cheap, robust wide-area data communications are now easily procured, and the culture of the NHS has changed with the advent of the current strategy of collaboration between primary and secondary care providers. These two changes allow the same remote interactive access approach to be suitable for communication with clinicians in both primary and secondary care. For the transmission of requests and reports EDI retains only one advantage: the availability of well-structured data within the receiving system for further processing. Remote interactive access offers three major advantages: the removal of dependence on the precise match of data models and identi®ers between the originating system, the message and the receiving system; the ability to provide automated contextual support information; and, using the intranet approach, the commoditization of the products required. This will bring the advantages of quality, cheapness and simpli®ed interworking with products from different suppliers.
CONCLUSIONS
Computerization of the communication of laboratory requests from and reports to clinicians leads to improved ef®ciency throughout the cycle of requesting and reporting. The most widespread technologies used in extending beyond paper have been remote interactive access in secondary care and electronic data interchange (EDI) in primary care.
The technology of the World Wide Web offers new opportunities for the provision of support information, extending from laboratory handbooks to guidelines and the products of evidence-based medicine. These will undoubtedly result in bene®ts for both laboratories and clinicians.
It is embarrassing that the tradition of detailed evaluation and publication that characterizes analytical procedures within the laboratory has not yet been extended to the introduction of new communication technologies. New media will continue to appear, and to ensure improved laboratory ef®ciency and clinical care there needs to be continuing objective evaluation and selection of the correct medium for each task.
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